TTTtE OF THE INVENTION 

PLASMA PROCESS > PLASMA APPARATUS, PROCESS POK FABRICATING A 
MAGNETIC RECORDING MEDIUM , AND APPARATUS POR FABRICATING THE SAME 

BXckoROUND OP THE INVENTION 
Field of thft Invantion 

The present invention relates to a rapid process far 
treating a substrate with a plasma, such as a film deposition 

process, an etching process and an ashing process. More 
particularly, the present invention relates to a rapid process 
for depositing a diamond- like carbon (hereinafter sometimes 

abbreviated as "DLC") film having superior properties with 
respect to wear resistance, surraca smoothness, insulating 
properties, hardness* and the like. The present invention also 
relates to an apparatus for fabricating, on a polymer substrate, 
a long-endurable magnetic recording medium suitable for mass 
production, and yet having high recording density. Accordingly, 
the application field of the present invention cover3 a wide area 
ranging from visual equipments to information apparatuses. 

Prior Art 

The application field or aiamond-liKe carbon films is widely 

spreading these days because the films are as hard as, or even 
harder than, the conventionally Known nara thin films of, ror 

example, TiC. TiN, SiC, Si 3 N 4 , and Al a 0 3 , and yet. the DLC films 
can be deposited at room temperature without the application of a 

heating process. 

Recently, a plasma treatment is applied in a wide field cf 

industry to not only a semiconductor process but also a surface 
of a metal, a fiber and a plastic. Main plasma treatments can be 
classified into a riiro rormatlon, an etching and. an asning ana 

the like. Phyeioal vapor deposition (PVD) and chemical vapor 



deposition (CVD) aro known as the film formation. Sputtering is 
the representative process in the field of FVD (physical vapor 
deposition), while plasma CVD is the typical one in the field of 

CVD (chemical vapor deposition). Contrary to CVD, the etching 
and the ashing are processes in which a aubetanoe is removed from 

a substrate surface by & chemical or physical action of active 
species activated by the plasma, The CVD is generally carried 
out la a heated atmosphere , ana the etching and the ashing are 
carried out at room temperature . 

A low temperature cvd process far forming a film at a law 
temperature ie desired in variety of application f ielcg of CVD in 
that more kinds of substrate materials can be used in the low 
temperature CVD process, and cost of the substrate can be reduced 
by employing the low temperature CVD process. In particular, CVD 

making use of a kinetic energy of an ion is used for carbon film. 
The carbon film is formed with the carbon film receivinjg 
bombardment by the ion. A bond having a large bond energy is 
then selectively formed to form a film of high hardness which is 
collectively called a diamond-like carbon (DLC) . Substrate 
heating is not particularly necessary in the formation of the DLC 
film as apparent from an elementary process of the formation of 
the DLC film. Therefore, the DLC films are promising as -a 



variety of protection films from the^ advantage of the DLC films 

i n ooo t- . 

A DLC film can be formed by sputtering, e.g. a reactive 
sputtering using graphite or SIC partially containing silicon as 
the target material in a mixed gas atmosphere of argon and 

hydrogen . 

FIG. l shows schematically the inner structure of a 
practically used prior art apparatus. 

In general, the carbon source material for use as the 
starting material in the case of forming DLC by CVD inelude a 
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saturated hydrocarbon gas such as methane (CK 4 ) as deeoribed in 
JP-B-61-53955 or JP-B-62-41476 (the term "JP-B-" as referred to 
h rein signifies an "examined Japanese patent publication") and 
others containing more carbon atoms per molecule, or an 



containing more carbon atoms per molecule. Furthermore, the use 
of subetancea containing silicon as partial substituents , such as 
tetramethylsllane (TMS; (CH 3 ) 4 si) and tetraethyis i lane (TES; 
<C 2 H 5 ) 4 Si) is also studied. 

However, with the prior art film deposition methods or 
processes using the commercially available conventional 
apparatuses* it is fundamentally difficult to obtain a DLC film 

* 

at a high rate of film deposition while maintaining its 
properties as a protective film at a favorably high level. In 
other words, a film of superior quality can be obtained only at 
the oxpsnsQ of the high rate of film deposition. Thus, in 
depositing a film of sufficiently high quality, a film deposition 
rate which is practically feasible is approximately in the range 
of from 0.1 to 0.3 um/min. Moreover, the conventional apparatuses 

and methods for film deposition fail to achieve a satisfactory 
level of dehydrogenation to sufficiently accelerate the formation 
of covalent bonds between carbon atoms during the deposition of 
the carbon film. 

In addition, it has been difficult to generate and maintain 
a stable plasma in depositing a film over a large area using the 
above static methods In which the substrates are fixed . The 
thermal damage which the substrates suffer upon film deposition 
at high rate also remains as a problem yet to be solved. 

Recently, a higher recording density . is required for 
magnetic recording media. Accordingly, the conventional magnetic 
recording media ouch as audio and video tapes which have been 
fabricated by a coating process, i.e., a process which comprises 
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coating a polymer substrate with a magnetic powder of. for 
exunple, ^~ Fo 2°3» CrO, or pure iron, using a bind or and an 
abrasive material, are now being replaced by those having a 
stable metallic thin-film type magnetic layer obtained by 

depositing a magnetic metal such as iron (Fe). nickel (Mi), 
cobalt (Co), and chromium (Cr), using PVD processes (in a broader 
meaning) such as vacuum deposition! plating , ion placing, and 
sputtering. In this manner, a magnetic recording media having not 
only a higher recording density but also a superior coercive 
force and an improved electromagnetic conversion property can be 
obtained at a higher productivity. 

■ 

Recently, the DLC films are also formed using CVD processes 
represented by a plasma— assisted CVD or any of the PVD processes 
enumerated above. 

It is still difficult to obtain layered thin films having 

favorable interface characteristics and surface properties using 
any of the above processes while maintaining a high rate of film 
deposition, because of the problems such as those associated with 
the step of air exposure and the like, and the technically 

difficult ones concerning synchronizing the deposition of the 
magnetic film and the DLC film at such a high film deposition 
rate. It is therefore desired to develop a new process of film 

deposition . 

SUMMARY OF THE INVENTION 

The present invention is characterized in that a prooese for 

treating a substrate with plasma comprises gene-rating said plasma 

A - 

in the form of^plane in a chamber. The substrate may be moved 
through the plasma in a direction perpendicular to the plane of 
the plasma to treat the substrate with the plasma. 

It is an object of the present invention to treat a 

substrate with a plasma at a higher rate. In order to accomplish 
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this object, a plasma. Is generated intentionally At a high 
density in a reaction space with a material gas (or a raw 
material gas) being supplied to said pi sma according to a 

process to be conducted. 

Since the region having a high plasma density is confined 
within & narrow region in the present invention, it is necessary 
to move a substrate through the region in order to treat a large 
area surface of the substrate with the plasma. For example, a 
film can bo deposited on the substrate by moving the substrate 
through the region. Although the substrate movement requires a 
more complex mechanical structure and an additional cost for the 
structure, j£ thermal damage can be alleviated ny the present 
invention during the plasma treatment such as a film formation. 

Further, a surface of one or both of the anode and cathode 
is covered with an. electrical insulator to stabilize the high 
density plasma region. The present invention is also 
characterised in that a dynamic film deposition step is 
incorporated in the process for the deposition of a diamond-like 
carbon film. More specifically, the film is deposited on a 
substrate being moved inside the light-emitting region, i.e., the 
plasma region of a sheet-like beam-type, in which a light 

emission of high luminance oan be easily realised. 

The present, invention is also characterized in that 
dimethyls i lane (91(01*3) 3 H a ) and raonomethylsilane (Si(CH 3 )H 3 ) and 
the lite are used to avoid providing a rate-determining step as 
the supply of a starting material for the diamond- like carbon 
film even if the starting material is consumed in a large amount 
for the plasma. 

BRIEF DESCRIPTION OF THE DRAWINGS 

fIGg.I(A) and 1(B) show cross sectional views of the 
internal structures of apparatuses Tor depositing dlc films used 
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in conventional processes; 

FIQ. 2 shows a cross sectional view of the internal 
structure of an apparatus for depositing DLC films according to 
the present invention] 

FIG. 3 is a graph showing the dependence at film deposition 
rate on the operation pressure and on the density of high 
frequency power for a DLC rilra obtained m Example 1 according to 
the present invention; 

FIG. 4 is a graph showing the dependence of film deposition 
rate on the operation pressure and on the density of high 
frequency power- for a DLC film obtained in Example 3 according to 
the present invention; 

FIG. 5 is a cross sectional view of the internal structure 
of an apparatus for fabricating a magnetic recording medium 
according to an embodiment of the present invention; 

* 

FIG. e is a cross sectional view of a magnetic recording 

medium obtained according to an embodiment of the present 
invention; 

FIG* 7 is a Raman spectrum of a DLC film of a magnetic 
recording medium according to an embodiment of the present 
invention; and 

FIG- 8 is a graph vhich shows the change of reproduced 
output with the change in the film thickness of a DLC film 
according to an embodiment of the present invention, 

DETAILED DESCRIPTION OF THB INVENT I OK 

A nigh density plasma region is formed in' the vicinity of a 
gas supply port in the form of pore or slit provided in a part of 
the ground electrode, and the starting material is effectively 
decomposed and activated. For example, in the case of the 
formation of DLC , a film of high quality ie formed at a high 
rate. A region having a high plasma density is formed in the 
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vicinity of a elit (or a pore) provided on a surface of an anode 

(i.e. a around electrode) for supplying the material gas to the 
plasma, and has an eraissi n brightn S3 much higher than a region 
therearound to such a degree that the plasma can easily he 
distinguished by visual observation. 

The high density plasma region is formed in tne vicinity of 
the gas supply port in the form of This is because 

the vicinity of the gas supply port has a higher gas pressure 

than the region other than said vicinity and therefore a high 
density plasma is formed in the region having the high gas 
pressure by applying a sufficient electric field. It is 
effective to form an edge of the gas exhaust ' nozzle sharply at 
the surface of the anode in order to apply a sufficient electric 
field. This is because the strength of the electric field 

becomes large ±fi — Me — y iolnlty^ in the vicinity ^or said edge. 
Also, it is effective to narrow the gap between the anode 
elect rode ana the cathode electrode for the reason same as above. 
The gap between the electrodes is preferably 30mm or shorter, 
mere preferably 10mm or shorter to generate a desirable plasma. 

It is advantageous to form a plasma in the form of^jplane as 
the high density plasma region. This is because a plane surface 

♦ 

of a substrate can be treated with plasma by moving the substrate 
in one direction perpendicular to the plane of the plasma. In 
the case where a surface of a substrate in the form of^neet or 

tape wound around the drum is treated with plasma, the plasma in 
the form or^jpiana is generated In parallel with an axis of the 

drum, and is apart from the surface of the drum at an 
appropriate distance, and the drum is revolved in order to treat 

the surface of the substrate in the form of^Tr^et or tape with 
plasma with ease. 

The plasma in the rorm or^iane can be formed by providing a 

gas exhaust nozzle (gas supply port) in the form of ^2 lit. Also, 



it is possible to generate a plasma. In the form of^ plane by* 
arranging pores one— dimensional ly . In case of arranging pores 
one dimensional ly, distance between the adjacent pores should he 
less than ten times, preferably lose than twice, as long as 
diameter of the pores (the average diameter calculated from 
length of the major axis and length of the minor axis in the case 
where the pore is not an circle. The diameter of the pores is 
lOnun or shorter, preferably 5mm or shorter. in. the case where 
the gas supply port Is In the form of slit, width of the slit is 
10 mm or shorter, preferably 6mm oA shorter. The pores are 
advantageous in mat a Higher intensity of electric field and a. 
higher density of plasma axe produced by the pores rather than by 
the slit, however, the slit is advantageous in that more uniform 
plasma is produced by the slit rather than by the pores. In 
addition, as the width of the slit or the diameter of the pores 
is decreased, the plasma density increases, however, an upper 
limit of the gas flow rate decreases. In the case where the 
width of the slit or the diameter of the pores is too small, the 
gas flow rate becomes large to inorease the plasma density by the 
local Increase of the pressure and to maice tne plasma unstable. 
A plasma in the form of plane having a length of several meters 
can he produced oy lengthening the length of the el it or 
increasing the number of the pores since the length of the plasma 
has no theoretical upper limit. 

It is effective to cover one or both of the surfaces of the 
anode and the cathode (in detail, the surface(s) in contact with 
the plasma) with an electrical insulator in order to stabilize 

the high density plasma region. Without the cover of the 
electrical insulator, the plasma discharge would tend to becomo 
an arc dieoharga because an electrical resistance (impedance) of 
the plasma decreases as the plasma density is increased. The arc 
dieohargg is unstable and damages the electrode badly and is not 
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suitable for a stable process although th arc discharge has a 
higtt plasma density. The electrical insulator is used in the 
present invention to prev nt the arc discharge from occurring. 
Si0 2 , A1 2 0 3I 2r0 2 , PZT and the like are suitable for the 
insulator. Though depending on a frequency of a power source, in 
the case where a discharge is caused at a relatively low 
frequency (less than order of kHz), the specific dielectric 
constant of the insulator is important. The specific dielectric 
constant is preferably 2 or more, more preferably 5 or more. The 
insulator is formed as thin as possible as long as the withstand 
voltage thereof is sufficient. The thickness of the insulator is 
3mm or less, preferably 1mm or less. 

Of course, it is possible to form a high density plasma even 
if both of the electrodes are not insulated. It is preferable to 
insulate the electrode(s) in order to stabilize the plasma. On 
the other hand, a capacitance is formed by the provision of the 
insulator from the point of electric circuit view to increase an 
impedance between the electrodes. Accordingly, the plasma 
density decreases without supplying electric power effectively. 
It is advantageous not to provide the insulator unless there is /L 

problem pJ) stability . 

The high density plasma region has an intimate relation with 
a local pressure in the vicinity of gas exhaust nozzle. 
Therefore, the length of the high density plasma region can be 
adjusted through variation of the gas flow velocity by adjustment 
of the gas flow rate. By this, the substrate surface can be in 
contact with and not in contact with the high density plasma 
region even if the distance between the substrate and the plasma 
generation apparatus is not varied. Of course, this is possible 
also in the case where the distance between the substrate and the 
plasma generation apparatus is varied. In the case where the 
substrate is in contact with the high density plasma region, the 



t 





plasma treatment can be e4&*?b&S at a high speed, however, the 
substrate receives J damage. In the cas where the substrate is 
not in contact with the high density plasma region, the substrate 
is free from bombardment thereto by an ion, and only neutral 
active species contribute/ to reaction, resulting in no damage to 
the substrate. But reaction speed and ft quality of the product 
after the reaction is not so good only by the neutral active 
species if the plasma treatment is carried out at room 
temperature. In this case, heating from room temperature to 

300 # C is necessary. 

Pressure inside the reaction space is 800 to 0.1 Torr, 
preferably 5 to 0.5 Torr. This pressure does not mean a local 
pressure in the vicinity of the gas exhaust nozzle but means a 
measurable pressure of a region other than said vicinity. Mean 
free path is meaningful in the above range. If the pressure is 
too low, jl gas diffuses before the local pressure in the vicinity 
of the exhaust nozzel increases sufficiently. If the pressure is 
too high, electrons collide with each other before the electrons 
obtain energies necessary to start discharge, with the result 
that the discharge can not start. 

In the case where the electrode is not covered with the 
insulator, the electric field applied to the electrode may be DC 
or AC. 

In the case where the electrode is covered with the 
insulator, it is necessary to apply an AC electric field thereto. 
The frequency can be increased to an upper limit at which the 
electric field can be applied between the parallel plate type 
electrodes. In the case where the electrode is not covered with 
the insulator, there is no lower limit of the frequency. In the 
case where the electrode is covered with the insulator; the lower 
limit is determined by specific dielectric constant and 
thickness of the insulator. In practical use, 10Hz to 2GHz is 
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possible, and 50Hz to 900MHz is preferable. The supplied 
electric power density is o.i to lOW/cm 2 preferably 0.5 to 

3W/cm 2 . 

A variety of processes are possible by using the above- 
described plasma treatment apparatus such as a film formation 
process, an etching process and an ashing process as 
representative. 

Examples of the film formation process are processes for 
forming a semiconductor film (such as amorphous silicon), a 
dielectric film (such as a silicon oxide film, a silicon nitride 
film and a titanium oxide film), a metallic film made of e.g. 
tungsten and other films which could be formed by a conventional 
chemical vapor deposition * In particular, the present invention 
has a lot of advantages in the case where a film containing 
carbon as a main ingredient for use as a protection film of 
abrasion proof and lubricity is formed by the plasma treatment 
apparatus of the present invention. A cathode is bombarded by an 
ion by self-bias if the cathode is supplied with an electric 
energy through capacitance coupling. Therefore, if the substrate 
is provided on the cathode, the film is formed on the substrate 
surface with the substrate surface receiving the bombardment of 
the ion. This is necessary for an elementary process for forming 
a carbon film of high hardness as described above. The present 
invention is advantageous in that the plasma treatment can be 
carried out at room temperature since the film containing carb n 
as a main ingredient used as a protective film of abrasion proof 
and lubricity is often formed on a substrate which can not be 
kept at a high temperature, such as an organic resin substrate 
and a magnetic substrate (e.g. a magnetic tape and a magnetic 
optical disc and the like). In addition, since a high density 
plasma can be produced by the apparatus of the present invention 
to conduct the film formation at a high speed. In this way, an 



apparatus which is excellent in mass -pro duct ion can he realized. 

Since starting materials as specified above ar used, not 
only the probability of the existence of methyl groups (CH 3 ) can 
be increased, but also the effect of dehydrogenation can be 
greatly increased. 

The specific materials above can be easily handled, and, 
moreover, the maintenance and administrative regulations are far 
relaxed as compared with those for the conventional so-called 
high-pressure gases. Concerns on environmental pollution of the 
discharge gas can also be minimized. 

The etching of the present invention is ' same as the film 
formation of the present invention except that the material gas 
is replaced by an etching gas. A simple gas comprising an 
element selected from the group consisting of fluorine, chlorine 
and bromine, or a gas mixture of an inert gas and the above 
simple gas can be used as the etching gas. A substrate 
comprising silicon, a silicon compound, carbon, or an organic 
substance or the like can be etched. Ashing is a special case of 
an etching, and oxygen is used as a material gas. An inert gas 
may be mixed with the material gas. Ashing by the apparatus of 
the present invention is suitable for peeling a resist. That is, 
a time required for the treatment is shortened in the same manner 
as the film formation to lower the cost. Further, it is 

effective to treat the substrate with plasma by positively 
exposing the substrate to a high density plasma region in case of 
ashing. This is because the substrate is heated by bombardment 
from the high density plasma region thereto to contribute to 

increase of a reaction speed. 

In the process according to the present invention, the 
separate film deposition regions are organically and rationally 
linked into synchronizing regions. This is achieved by adjusting, 
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to a desired value, the pressure difference among the operation 
pressures of the independent steps for a non-continuous process 
comprising a plurality of different film deposition steps. In 
this manner, the mass production of highly reliable magnetic 
recording media having isotropic magnetic properties for in-plane 
recording is realized. 

The process according to the present invention implements 
groups of layered thin films having excellent properties with 
respect to, for example, interface characteristics, adhesiveness, 
surface properties, and the like. This is realized by changing 
the operation pressure inside the film deposition region (vacuum 
vessel) which is subjected to a plurality of steps, either step- 
wise or in a graded manner. The resulting vacuum apparatus not 
only operates in good condition and functionally, but also 
effectively provides films of superior quality. 

The present invention is illustrated in greater detail 
referring to non-limiting examples below, it should be under- 
stood, however, that the present invention is not to be 
construed as being limited thereto. 

EXAMPLE 1 

Referring to FIG. 2, the invention according to the present 
invention is described below. In this example, formation of a 
diamond-like carbon film (DLC) by the use of a dimethyls i lane 

(Si(CH 3 )2H 2 ) is described. 

The apparatus for use in the process for depositing a DLC 
film according to the present invention comprises special devices 
for use in the steps of transporting the substrates and in the 
supply of high frequency power, because substrates 104 are placed 
on one side of an electrode 10 2 for "supplying high frequency 
power. The electrode 102 for supplying high frequency power is 
placed at a distance of 1 cm from a ground electrode 103, and the 
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both are placed inside a vacuum vessel 101. The electrode 102 for 
supplying high frequency power als functi ns as a substrate 
holder to support the substrates, for instance, in this example, 
12 pieces of 3.5-inch magnetic diskettes are used as the 
substrates having thereon a magnetic layer. The transport system 
comprises components such as rails, racks, and pinions, which are 
made of insulators. Thus, they are DC-insulated and are arranged 
in a floating structure. 

The high frequency power is supplied from a high frequency 
power source 107 via an indirect capacitive coupling 110 based on 
a vacuum gap > 

A method for generating a one-dimensional high density 
plasma region having a high- luminance light emission is described 
specifically below. 

In the structure described above, the starting material, 
i.e., dimethylsilane (Si(CH 3 ) 2 H 2 ) as the carbon source, is 
introduced from a material supply system 106 at a flow rate of 20 
SCCM (standard cubic centimeters per minute) to set the operation 
pressure to 1 Torr, while evacuating an evacuation system 108. 

Because the ground electrode 103 has a hollow structure, the 
carbon source material is transported into a space between the 
electrodes through gas supply inlets 111 which are precisely 

9 

processed to make a slit 0.5 cm in width and 30 cm in length. 
Then, a linear one-dimensional high density plasma region 109 
having a high luminance light emission can be locally generated 
by applying a high frequency power at a power density of 2 W/cm* 
from the high frequency power source system 107. The substrates 
104 are transferred through the plasma region at a rate of 90 
m/min to form a 200 A thick DLC film on the magnetic layer of the 
magnetic diskette. The number of the slits per centimeter is 1. 

It can be seen that the process according to the present 
invention is advantageous in that the vacuum vessel itself can be 
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made compact, not only because the volume of the space of plasma 
discharge is reduced by narrowing the gap between the electrodes 
but also because the vessel itself can be constructed from 
thinner walls. 

Furthermore, instead of a conventional plasma region widely 
spread over the entire space between the electrodes, the region 
for film deposition in the process according to the present 
invention is confined to a limited area in the vicinity of the 
slit-like gas supply inlet 111 of the ground electrode 103. In 
this manner, a dynamic process for film deposition can be 
implemented with ease . 

FIG. 3 is a graph illustrating the dependence of film 
deposition rate on the operation pressure and on the density of 
high frequency power for a DLC film obtained in the present 
Example using substrates on the electrode, i.e., substrates in a 
dynamic state. 

It can be seen that, as compared with the prior art film 
deposition processes in which the films are deposited at a rate 
of from about 0.1 to 0.3 um/min, the DLC film of a similar 
quality can be deposited by the process according to the present 
invention at a film deposition rate higher by a digit than the 
rate of a conventional process, This high deposition rate is 
achieved owing partially to the use of a novel starting material. 
Furthermore, it is confirmed that the value of the residual 
internal stress of the film obtained by the process according to 
the present invention is reduced by about a half to one digit as 
compared with the value obtained for a film deposited by a 
conventional process. 

EXAMPLE 2 

A DLC film is deposited in the same manner as described in 
Example 1, except for using monomethylsilane (SiCCH^H^) in the 



place f dimethyls i lane (SI (CH 3 ) 2 H 2 ) • 

As xpected, the film deposition rate is found to he lowered 
by about 35% as compared with the rate for the process of Example 
l. However, tendencies similar to the case of Example 1 are 
observed concerning the film deposition conditions such as the 
dependence on operation pressure and on the density of high 

frequency power. 

The amount of unfavorable deposition of carbon coating (such 

as amorphous carbon and graphite) on the inner walls of vacuum 
vessel, electrodes, and the like, is found to be extremely 
reduced as compared with the case in Example 1. Thus, it is found 
that the case of Example 2 using monomethylsilane (Si(CH3)H 3 ) is 
superior to the case in Example 1 considering the maintenance and 
control of the apparatus . 

FIG. 4 is a graph similar to FIG . 3, except that the 
properties are measured on the film fabricated in Example 2. 

EXAMPLE 3 

Referring to FIGs. 5 to 8 , a process according to an 
embodiment of the present invention is described below. 

In a vacuum vessel 1 as shown in FIG. 5, a polymer substrate 
material 3 is fed from a supply roll 2 being run along a 
cylindrical can 7 in the direction indicated with an arrow via a 
free roller guide 4. The polymer substrate material 3 used in 
this Example is a polyimide film 50 cm in width and 6 urn in 
thickness . 

The vaporized metal atoms that are supplied from an 
evaporation source 6 are deposited on the polymer substrate 
material 3 to provide a 0.15 to 0,18 urn thick magnetic layer 21 
as shown in FIG. 6. 

In the pres nt Example, a Co-Cr-Ni alloy is used as the 
evaporation source. Furthermore, a pierce-type electron gun 
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capable of scanning over a vide area is operated at an acceler- 

* 

ating voltage of 35 kv under an operation pressure of 5 x 10~ 4 
Torr to deposit a film by electron beam vacuum deposition 
process. The rate of transferring the polymer substrate material 
3 is fixed to 135 m/min. A shield plate 5 is provided for 
confining the area of film deposition. 

The potential difference is provided between the cylindrical 
can 7 and the deposited magnetic layer 21 using a DC power source 
15 via a free roller guide 4. By applying a voltage of 80 v and 
thereby applying an electrostatic force in the manner described 
above, the polymer substrate material 3 is brought into intimate 
contact with the cylindrical can 7. 

The polymer substrate material 3 having thereon the magnetic 
layer is introduced to another vacuum vessel 9 via an 
intermediate roll 8, and is subjected to plasma activation 

treatment , 

The step of plasma activation treatment is explained below. 

In this step, the operating pressure is kept in the range of 
from 10 -1 to io~ 2 Torr by introducing hydrogen gas from a gas 
supply system 18 into a space between an earth electrode 10 and 
an electrode 11 for supplying high frequency power which are 
arranged in parallel to each other at a distance of 3 cm, while 
evacuating using an evacuation system 19. A 13. 58-MHz high 
frequency power is applied to the space between the electrodes at 
a power density of 0 . 5 W/cm 2 using a high frequency power source 
system 12 to generate a hydrogen plasma between the electrodes. 
Then, the polymer substrate material 3 is transferred through 
this plasma region 16 at a rate synchronized with the step of 
forming the magnetic layer. 

In this manner, the surface of the magnetic layer 21 is 
properly cleaned by exposure to the active hydrogen radicals or 
hydrogen ions, and is activated at the same time. It is confirmed 



that similar effects are obtained in the cas using argon gas or 
a mixed gas of argon and hydrogen. 

By the way, an opening provided on a partition partitioning 
the vacuum vessel 9 and a buffer chamber 20 is provided to 
transfer the polymer substrate material 3 therethrough and has a 
size smaller than a Debye distance of the plasma generated in the 
vacuum vessel G or smaller than a mean free path under a pressure 
of the plasma region 16. In such a size, the plasma does not 
escape into the buffer chamber 20. 

A process which takes place inside another vacuum vessel 13 
which defines the region for depositing a DLC film 22 according 
to the present invention is described below. 

The polymer substrate material 3 having thereon the magnetic 
layer 21, which is introduced into the vessel 13 via a free guide 
roller 4, is passed through a sheet-like beam-type plasma region 
17. In this manner, a high quality DLC film 22 can be formed on 
the polymer substrate material 3. 

More specifically, the sheet-like beam-type plasma region 17 
is generated by, for example, a process as described below. 

The operation pressure is controlled to keep a value of 1 
Torr by supplying ethylene gas as the carbon source between the 
earth electrode 10 and the electrode 11 for supplying high 
frequency power. The electrodes are arranged in parallel to each 
other and a distance of 1 cm is precisely kept therebetween - 
Because the earth electrode 10 is provided in a hollow structure, 
the carbon source material is transported into a space between 
the electrodes through a gas supply inlet which is precisely 
machined to make a slit from 0 . 5 to 1 . 0 cm in width and 60 cm in 
length. Then, „ a linear plasma region having a high luminance 
light emission is locally generated by applying a high frequency 
power at a power density of 3 W/cm 2 from the high frequency power 
source system 12. The substrates are then transported through the 
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plasma region at a rate interlocked with the rates of the 
aforementioned tw steps to form thereon a 200 A thick diam nd 
film. The resulting film is taken up using a take up roll 14. The 
key in this step is that the polymer substrate material 3 is run 
on the electrode 11 for supplying high frequency power. 

In depositing a DLC film 22 on the substrate, i.e., the 
polymer substrate material 3, the substrate is fixed on the 
electrode 11 for supplying high frequency power. Concerning the 
mobility, mass, and the like of the species in the plasma, e.g., 
molecules, atoms, cations and anions, radicals, etc, electrons 
are the only species which accumulate on the surface of the 
substrate and on the electrode 11 for supplying high frequency 
power. Thus, an electric field is formed between the plasma 
potential and the self bias potential which is generated in the 
vicinity of the electrode 11 for supplying high frequency p 
due to the electrons described above. Then, the cations are 
accelerated in the electric field and undergo collision with the 
DLC film which is being deposited. In this manner, the physical 
and chemical reactions are accelerated to reduce the number of 
double bonds among carbon atoms (C=C) , thereby increasing the 
fraction of carbon atoms having saturated carbon atoms (C-C) . 
Then, a film of superior quality can be obtained. 

It is also possible to overcome the problem of causing 
thermal damage to the substrate by running the polymer substrate 
material 3 at a predetermined rate on the electrode 11 for 
supplying high frequency power. Thus, it is possible to prevent 
the thermal damage of the substrate from occurring, because such 
thermal damages occur when the substrates are fixed and subjected 
to a static process in which the film is deposited at a high rate 

of film deposition. 

FIG. 6 shows the cross sectional view of a magnetic 
recording medium fabricated by the film d positi n steps above. 



It can be seen that a favorable interface is obtained between the 
magnetic layer 21 and the DLC film 22. 

FIG, 7 shows the Raman spectrogram of the DLC film 22 
obtained in the Example according to the present invention. It 
can be seen that a film of superior quality is obtained even when 
the film is deposited at a high rate. 

In the process according to the present invention, the 
substrate material may be subjected to a pretreatment before 
forming the magnetic layer 21, if necessary. The pretreatment is 
performed using any of the known techniques, such as the 
irradiation of ions, electrons, etc., or heating. Furthermor , 
the substrate material may not be the same material as the one 
used in the present example, i.e., polyimide. Other materials 
applicable to the present invention as substrates include metals, 
resins, and plastics, which may be shaped into rolls or sheets. 

FIG. 8 shows the results obtained on the DLC film 22, by 
evaluating the reproduction output with changing film thickness. 
The recording frequency is also varied. It can be seen that the 
reproduction output tends to yield a constant value for DLC films 
22 whose thickness exceeds a value of 200 A, thereby suggesting 
the importance of surface smoothness. 

Then, the thus fabricated magnetic recording medium is cut 
into tapes 8 mm in width, and the tapes are subjected to tests to 
evaluate the reproduction output and durability using a 
commercially available B-mm video tape deck, a stable 
reproduction output with less dropouts is obtained for tapes 
having thereon a DLC film 22 at a thickness of 200 A or more; 
excellent still durability and running stability are also 

obtained for such tapes. 

In addition to the excellent durability in normal 
reproduction operation, it is also confirmed that the above tapes 
yield superior durability ev n in special tests ; of c ntinuous and 
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continual operations 



EXAMPLE 4 

in this EXAMPLE 4, an etching is conducted using NF 3 as an 
etching gas in the apparatus of EXAMPLE 1. A silicon wafer is 
used as a substrate . NF 3 is supplied from a raw material supply 
systejn^lOS at 200sccm. Pressure inside the reaction vessel is 
kept ^3 Torr. A high frequency energy is applied from a high 
frequency power source 107 at a power density of 3W/cm to 
generate a plasma. A substrate holder is moved in a direction 
perpendicular to the generated one-dimensional high density 
plasma at a speed of l cm/sec. A surface of the substrate is 
subjected to an etching with the surface of the substrate being 
in contact with the high density plasma region. After one 
scanning, the surface of the silicon wafer is etched to a depth 
of o.4um. 



EXAMPLE 5 

Ashing is conducted using 0 2 as an ashing gas in the 

apparatus of EXAMPLE 1 . 

A glass of 100mm in diagonal is used as a Bubstrate. This 
substrate is used in a process for producing a TFT for LCD. 
Ashing performance for peeling a resist after an ion doping for 
formation of a channel is examined in this EXAMPLE 5. 

A positive type resist OFPR-800 manufactured by Tokyo Ouka 
Cp., Ltd. having a viscosity of 30cps is used as the resist. The' 
resist is formed as follows. Spin-coating is performed and then 
pre-baking is performed for 20minutes at 80*C. , Light irradiation 
is carried out for 20seconds by an ultraviolet ray at a center 
wavelength of 365nm at 2mW with a mask. Then, development is 
carried out for one minute by a developing solution NMD3 
manufactured by T kyo Ouka Co., Ltd. Washing is performed and 



then post-baking is performed for 30 minutes at 130 'C, Thickness 
of the resist is 2um after this post-baking. 

Thereafter, boron is ion-doped at 1 x 10 19 atoms/cm 2 by ion 
implantation. 

Since the resist subjected to the ion implantation is heated 
by the ion implantation, the resist can hardly be peeled by a 
peeling agent Stripper 10 manufactured by Tokyo Ouka Co., Ltd. 

Ashing of the resist provided on the substrate is carried 
out by the use of the above-described apparatus under th 
following discharging condition. 



Gap between electrodes: 10mm 
Width of slit: 5mm 

Length of the slit: 30cm 

t/j^ Frequency of applied electric field: 13.58MHz 
Applied electric power: 5W/em 2 
REaction gas: oxygen 

Oxygen flow rate: SOOsecm 

Scanning speed of substrate: 50mm/min. 



It was confirmed that the resist was ashed and removed by 
once scanning the resist provided on the substrate through the 
plasma generated under the above condition. This corresponds to 
an ashing rate of 8000A/min. , provided that an effective 
treatment area extends to a width of 5mm without movement of the 
substrate. This rate of 8000A/min. is much higher than a rate of 

lOOOA/min. obtained by barrel type. 

A sufficiently good characteristic of TFT is obtained by 
the present example. No damage is observed in the substrate 
treatment of the present invention. 

As described in the foregoing, the process speed is 
increased in any application to such as a film formation, an 
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etching and an ashing by using a plasma apparatus and a plasma 
process according to the present invention. The present 
invention is then suitable for mass-production. In particular, 
the film containing carbon as a main ingredient formed by the 
present invention has superior properties with respect to, for 
example, wear resistance, surface smoothness, high insulating 
properties, and hardness. Moreover, the problem concerning the 
rate-controlling factor, i.e., the supply rate of the material 
gas, is also overcome by the present invention to enable mass 
production of the DLC films. Further, throughput of the ashing 

is extremely improved. 

Since the process according the present invention is not 
based on the conventional static process, it is also confirmed 
that the present process does not induce damages on the substrate 
even when the film is deposited at a high film deposition rate, 

It is further confirmed that the silicon-containing 
materials, i.e., dimethylsilane (Si(CH 3 ) 2 H 2 ) and monomethylsilane 
(Si(CH 3 )H 3 ) are excellent materials from the viewpoint f 
conformity with the underlying substrate material in case of 
depositing a film containing carbon as a main ingredient, and 
that they yield superior interface properties and adhesion 
strength when the film containing carbon as a main ingredient is 
deposited on the substrate material. 

The magnetic recording media fabricated by the apparatus 
according to the present invention comprises an interface between 
the magnetic layer and the diamond-like carbon film exhibiting 
improved interface properties and adhesion strength. It is 
fundamentally impossible to remove lower oxides from the surface 
of the magnetic layer by simply avoiding the surface from being 
exposed to the "atmosphere , however, it is still effective to 
perform the plasma activation treatment according to the present 
invention . 




The pr sent invention provides diamond- like carbon films 
having considerably improved surface properties, i.e., excellent 
resistance to wear, smooth surface, and a high level of hardness* 
Accordingly, the DLC film according to the present invention 
enables the fabrication of industrially valuable magnetic 
recording media. Furthermore, the present invention circumvents 
the rate-controlling factor from being incorporated in realizing 
continuous film deposition. 

While the invention has been described in detail and with 
reference to specific embodiments thereof, it will be apparent to 
one skilled in the art that various changes and modifications can 
be made therein without departing from the spirit and scope 
thereof. 



